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A MATHEMATICAL MODEL OF WATER ENTRY. (U/U)

PRECIS

l:\\§¥A computer simulation of the water entry of an axisymmetric bedy with or
without a cruciform tail and with or without a parachute delivery system is

descrited.

this medel is listed.

The predictions of the simulation are shown to agree with experi-
mental observations of water entry motion.

The Fortran progrem which implements

AN
i
/ k CONCLUSIONS
2. Over the range of impact velocities (20 to 4O m/sec) which were experi-

mentally investigated using a full scale dummy torpedo, the simulation gave

reasonable agreement with the measured water entry behaviour.

In addition a

limited comparison at higher impact velocities indiceted that the possibility
of applying the simulation to a wider range of entry velocities was promising.

3. The principal areas in which future work could be carried out are in
improving the model of the splash, the cavity and the interaction of both the
body and the parachute with the cavity flow field particularly at low Froude

numbers,
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INTRODUCTION

b, During the passage of a body from air into water a complex series of
forces act upon the body. The experimentally observed phenomena associated with
this water entry are described in detail by Waugh and Stubstad (Ref 1), These
various phases of water entry are summarised in figure 1.

5. At initial impact and during the subsequent flow formation momentum is
rapidly transferred from the body to the water in order to create a velocity
field in the water. During initial impact very high local pressures are
experienced, the amplitudes of which are dependent upon the physical properties,
ineluding compressibility, of the body, of the water, and of the air. However
the actual force and moment impulses are comparatively independent of com-
pressibility effects. : :

6. The flow field contains regions of low pressure and consequently cavita-
tion occurs. Initially, figure 1b, the cavity is open to the atmosphere.
During this open cavity phase the pressure in the cavity under the body may be
significantly lower then the, near atmecspheric, pressure in the upper part of
the cavity. As the cavitation number inereases the cavity closes, figure lc,
and progressively decreases in size.

T, Some of the air which was originally sucked into the cavity is lost by
entrainment at the reur of the cavity. Tepending upon the initial entry con-
ditions of the body, the tail may momentarily, intermittently, or continuwously
contact the wall or the cavity, figure 1d. Finally the cavity collapses, the
body slips out of any remaining air bubble, figure le, and becomes fully wet.

8. The work which is described here seeks to predict the forces which are
applied to the body during these various phases and thus to predict the result-
ing motion of a body during water entry. Although the mathematical model is

of an analytical nature many of the coefficients and functional relatiomships
have been determined empirically by comparison with the work of other experi-
menters and by comparison with a series of measurements which were made speci-
fically to assist in forming and validating this model.

9. It is intended that this mathematical model should be applicable to the
water entry of any axisymmetric body, with or without an axisymmetric parachute,
Yowever the actusl simulation was derived with particular reference to a light-
weight torpedo. A torpedo may be launched from a surface ship using above

water torpedo tubes and a typical torpedo is shown in figure 2. The torpedo may
also be delivered by an aireraft using a parachute as shown in figure 3. In
addition & torpedo may be fitted with a frangible ncse cap which is designed

to attenuate the initial shock at water impact.

THE MATHEMATICAL MODEL

Reference frames

10. The orientation of a body in space 1s usually defined by the three Euler
angles, roll (¢), pitch (@), and yaw (y), however this. representation possesses
a singularity when the body is pitched at ninety degrees. The quaternion four
parameter system, first described by the Irish mathematician Sir W R Hamilton
(Ref 2), which also may be used to define the attitude of a body in space
avercomes thnas singularity.

11. Tf a moving se OT right handed axes (X,y,%), fiXed 1n a bouy, wie
obtained from the . = co-ordinate axes (xs,ys,xn), fixed in space, by
r~
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rotating the space frame of reference through the angle u about the unit
vector (as,BS,YS) then the quaternion paresmeters, e, describing the orienta-

tion of the body axes relalive to the space axes are defined as:-

¢
]

L
cos 5

e = ¢ _ sin

o

(1)

e. = vy_ sin

3 5

e

It may be seen that:

12, I terms oF the three Euler angles the quaternion paranmeters are given

o a1 ¢ —dL) .g o .JQ 3 .9. S _9- ol _‘2
€y cos 5 cog > cOs ) + sSin > sin sin P
= =g i ~— -\i'f-._ .-(e. 3 9— a _12

e_L 31n > cos 5 cos > cos > s1in 5 31in )

(3)

. = a —Q. ~ .e.. o .w. + 2 .Gh 3 .lk
L2 cos > 31n 5 cos 5 sin > cos 5 sin >
0 . . L b

cg = cos % CoOs % ~in 5 sin % sin K—cos %

is. The Leenaformation matrix, whieh relates the body frame of reference to

e space frame of reference, is:i-—

. 2+ 2__ "“‘_; 2 > — a +
to el e2 L3 r_ele2 2eoﬁ3 2e0e2 2ele3
2 2 2 2

T o= e ¢ F2e_ ¢ o - +e, - Ce, e ~2

¢ G 2e e, e, T8 e, ey 2e e ~2e e (L&)

. 2 2 2
Do o =Da o + — -
haclaa _Voce 2eoel 2e2e3 eo el €5 +e3.J

14, dhe berminology:i-—

) ro. )
Xy I3 I3
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will be used for convenience. In the space frame of reference the unit vector

X is the body x axis, the unit vector Y is the body y axis and the unit vector
Z is the body z axis. .

The equations of motion

15. The origin of the body fixed axes is chosen so that the x axis is the axis
of symmetry of the body and so that the co-~ordinates of the position of the
centre of gravity are (O,yg,zg) If the body, of mass m, axial moment of
inertia Ix and transverse moment of inertis Iy, is moving with linear velocity
(u,v,w) and angular velocity (p,q,r) under the influence of external forces
(Fx,Fy Fz) snd moments (Ix,Ly,Lz) in a gravitational field g then the equations
of motion are:-

n (fz = vr +wq + yg(pa - #) + zg(pr + 4) - sXB) = Fy
n (ﬁ - wp + ur - yg(r2 + p2) + zg(qr -p) - gY3 = Fy
n (* - ug + vp + yglra + 3) - 2,(p% + ) - 823) = F, ()
b+ m.(yg(& - uq + vp) - zg(ﬁ - wp + ur) + g(zgY3 - ysZ3)) = L,
Iyq + (Ix - Iy) rp + W zg (G - vr + wgq - ng) = Ly
It + (Iy - Ix) P *+ M Yy {(ve -~ - wq + gX3) = L,

The geometry of water entry

16. In order to predict the external forces and moments applied to the body
it is first necessary to determine which parts of the body are in contact with
water.,

17. The shape of the axially symmetric body is defined by a table of axial
distances, x, and the corresponding radii, R, so that the body is divided into
a number of segments, one of which is shown in figure 4. From this table of
values the following segment parameters are defined:—

segment 'x' co-ordinate = x = (x + X )/2
segment radius = R = (Rn + Rn+l)/2 ()
segment width = dx = xn - xn+1
-1
1 = = -
segment angle a an ((Rn+l Rn)/dx)
18, The geometrical problem which must be solved in order to determine which

areas of the body surface are wet is shown in figure 5. For an area of the
body to be in contact with water it is necessary that the area be both beneath
the sea surface and not in a region of cavitation.

Sea surface condition

10, Tf the unit vector in space out of the sea surface is s then in the body
co-ordinate system this is:-

n = p_S[T] (8)

UNCLASSIFIED/UNLIMITED
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The body segment, in body co-ordinates relative to the centre of the segment
may be defined as (O, R cos B, R sin ). Hence the intersection of the
segment with the seae surface is defined by the two roots Bys B, of ;-

(0, Rcos By, RsinB) . a = d (9)

where 4 is the normal distance between the plane of the sea surface and the
centre of the segment. Equation 9 has a solution if:~
! :

-] < 1 (10)
3

(n° + n°)
Rny+nz

When there is no solution the sign of d determines whether the segment is com-
pletely above or completely below the sea surface,

Cavitation condition

2C. The pressure distribution, cavity detachment angles, and cavity shapes,
described by Knapp, Daily and Hammitt (Ref 3), for a number of axisymmetric
bodies were stndied. The empirical conditions for cavity detachment are chosen
to be that the cavitation number, o, is less than 0.3 and that the local angle
of incidence, i, of the body surface to the flow is:-

sin(i) = 0.152 sin (im) + 0.608 sin> (im) - 0.3% exp (- R cos a %%)

~ 0.365 + 0.28 sin2 (1) (11)

where 1 1igs Lhe maximum locsl angle of incidence and i, is the incidence of the

i
wnol. Dowy.

b

21. If the velocity 1s assumed to be constant over each segment of the hody ]

then the local incidence, i,, of a point at angular position B on & segment is:-
»3

1

N

, ~ 2
siv (1) = (ucsina + (v_cosp + w_sinB) cos a)/(u'+v§+w§) {12) 1

~

L,

“whero (v ,v 4w is “he velocity of the centre of the segment. By equating iB
D i 2

1o 3 trom aquation (11) the cavitating sector is found in terms of 8. However

i

1 2

2

u sina - (v“+wd) cos a > sin (i) (u2+v5+w2) (13) E
o s 08 5 5 =8 E
. . . . 1
than there 15 no cavitation and if:- 4
; : 1
. 2.2 - . 2 2 2 4
L5 + - 3 +v !
u, sin oo 4 (VS Js) cos o < sin (i) (us vy ws) (1)

then the whole scgment 1s cavitating and a cavity is assumed to be thrown off
Trom the tody at this segment,

R, T

P2, This cavity is assumed to be an ellipsoid of revolution with iis major 1

axis aligned to the flow direction and with:-

UNCLASSIFIED/UNLIMITED 1
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semi major axis = a = 0.4 sin(i) R s (L +R cos a %%)/o (15)

b

[}
]}

semi minor axis R * 0.13a (16)

where the effective segment radius Ref is

1
2. 2 2,° 2 2
R = +v - (v +
of R(us v ws) / (uS (vs ws) tan a) . (17)
The origin of this ellipsoid is found by fitting the radius of the cavity to the
effective radius of the segment. Initially, after impact, the size of this

cavity and the pressure of the air entrained within it are defined as empirical
funetions of the distance travelled in water,

23. If an ellipsoidal cavity is present then the wetted sectors of segments
vwhich are downstream of the inception of this cavity are determined by solving
for the intersection of each body segment with the cavity.

The external forces and moments

24, The external forces on the body are divided into those forces resulting
from quasi steady state pressures and those forces which are associated with
'added mass' effects.

Steady state rressure forces

25, The mass of water, of density p, displaced by each wetted sector is:-
= 2 - - &3 -
am = pR%ax (82 B, - sin (82 81))/2 (18)

tnerefore, in the body frame of reference, the buoyancy force on each segment
is:-

&F = dm g (X3, Y5, Z3) (19)
26, The dynamic pressure on the surface of the body is defined to be propor-

tional to the square of the normal component of the velocity of the surface.
The normal component of velocity, VB, at angular position B on & segment is the

scalar product of the velocity of the surface and the unit vector normal to the
surface at that position ie:-
VB = ((u,v,w) + {{p,q,r) x (x,RcosB,RsinB))) . (sina, cosBcosa, sinfcosa)
(20)

The megnitude of the pressure force, dF, on tne elemental area, RAR dx/cos a,
is:-

aF = Lo y@ RaBax

2 B °D cosa (21)

is the forece cosfficient.

UNCLASSIFIED/UNLIMITED
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8. UNCLASSIFIED/UNLIMITED

27. If & constant velocity, VB , 18 chosen to be of the same order as V .
o
then to a first approximation:-

ve = v, (av, -V, ) {22)
8o B B

™ M

Substituting this linear expression for VE into equation {21), resolving 4F

into the body frame of reference and integrating over the whole segment yields:-

B2
- 1 .
dF = S Cp VﬁoR dx ten o f (2VS VBO) ag
8y
B
uz.y = 50 Gy VBOR dx f (2V‘3 - VBO) cos B 4B {23)
By
o
A = i C - :
aF, 9_obDVBRdxf(a‘VB Vg ) sin B as
o] o]
_ By

The wement, 4L, or dF about the origin is:-
dil, = (x, & cos B, R sin 8) x dF (2k)

ic 4L = (h tan a - x) (0, dF_, —dFy) (%)

The external forces and moments applied to the body by quasi steady state
pressures are obtained bty summing dF and 4L over all of the segments of the
Toedy,

£3Aad maza forces

s (=}

2o, Tre lmporbance of Torces associated with the momentum of the flow field
ding the partially wet body during water entry was first emphasised by
von Rarmdn (Ref 4).  The linear momentum M, and the angular momentum, H, of the
flow fi:1d surrounding the body may be defined by:-

"Mf] X, X. X, X. X. X.| [u]
s (eI " S - T B o
M Y., Y. Y. Y. Y, ¥ v
Yy n v w P Tq P i
M 7. 7. 2. 2. Z. 2, W
4 - u v w P q r (26)
il K. K. K. K. K. K p
X w v w P g T
1 M, M., M. M, M. M, q
b n v w )Y Q T
i N, N. N, N. N, N r
| <] | 1 v W P q . L

UNCLASSTFIED /UNLIMITED
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UNCLASSIFIED/UNLIMITED 9.

The six by six array is the added mass matrix which is discussed in detail by
Imlay (Ref 5). The resulting forces and moments acting on a moving body are:-

au
E o= £+ ({phaor) x M) (27)

ag
end L = ==+ ((u,v,w) x M) + ((p,q,7) x H) (28)
29. In order to evaluate the added mass matrix it is assumed that associated

with every element of area, RdBdx/cos o, is & volume of fluid, RhdBdx/cos a,

s0 that h is ameasure of the distribution of added mass upon the body. In addi-
tion it is assumed that only the component of velocity normal to the surface
imparts momentum to the associated volume of water. The element of linear
momentum normsl to the surface at angular position B on & segment is therefore:-

dM = Vg p Rnads dx/cos a (29)

where VB is given by equatio. (20). Integrating over a whole segment gives the

fluid linear momentum associated with the wetted sector of the segment expressed
in the body frame of reference:-

Bo
de = p Rh dx tan a “/" VB dag
8y
B
dMy=pthfoBcosBdB (30)
B.L
8o
M, = pthx/VBsianB
By

ingular momentum about the body origin is:-

df = {x, Rcos B, R sin B) x aM (31)
ie ai = (Rtana -x) (0, M, -dMy) (32)
30, The coefficients of u,v,w,p.~ and r in equations (30) and (32) are

equated to the identical coefficients, comprising the added mass matrix, in
equation (26) and hence the contributions of each wetted sector to all 36 of the
added mass derivatives are obtained. The total added mass matrix is formed by
summing the iundividual contrsibutions from each segment of the body.

The solution of the equations of motion

a an

31, Noting that = and Ty contain the rates of change of the added masses in

addition to acceleration terms, the total forces and moments both due to the

UNCLASSI®IED/UNLIMITED
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added mass effects, equations (27) and (28), and due to tho steady state
pressures, equations (19), (23) and (25), are summed linearly and substituted
into the equa%ions of motion, equation (6), which may then be expressed in the
Torm:-

F&u—

av |

ESRNERIEREY

Qaq
dr |

~
)
(9]
~

where A is a six by six metrix defining the total inertias of the system, B
v a six by one matrix defining the steady state external forces and C is a
six by one metrix defining the changes of momentum which have occurred during
the time interval, dt. The equavions of motion are exprassed with 4t as a
multiplicand in order that the stable numerical integration of these equations
may be perlormed turough the indetevminate accelerations associated with the
wetting of an incompressible body by an incompressibie liguid.

R A z2ach eyele of ihe numerical integration of the ecuations of motion
the Lix simgtencouc linear cguations (33) are solved to yicld the velocity
inevarents from which the “ineer and angular velocities of ithe body are up-
Gaved,  In oadlition the or1ertat=on and position in space (x ,y ,Z ) of the

N P o
iouy arce obtained by integrating the kiremetic relationshipsi-
— —
o ~» =g -T
- P o r -4t
& o= = | e (34)
- 2 —_— .
a -r o) P
T a P o |
ER
|
= "
N
. ‘ _ [”_' i [T
v = oL l V \J5/
l |

|
i
]
!
i

Dizcassion of the_wemerical simulation

ra

. A FORTRAN program which generates and integrates egquations 33, 3L and
25 3¢ Listced in the appaadix,

L)

zh,  This program requires the shape of the body and the added mass distribu-
vion to Lo supplied as input deta. The added mass distribution is somewhat
subjective, however i is nelpful to consider some examples which will assist
in estimating the added mass distribution parameter, h. Lamb (Ref &, p 1h4d)
indicates that on each side of a flat disc the added mass distribution is
zlven oy:-

UNCLASSIFIED/UNLIMITED
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(36)

where R is the radius of the disc and Rh is the radisl position at which h is
defined. On p.155 of the ssme reference it is shown thai:-

h = R/2 (37)
for a sphere of radius R and that

h = R (38)
for the sides of a long cylinder of radius R.

35. In addition to the basic model descrived in the previous peragrephs the
simulation also includes the effects of a horizontal steady wind and a simple
sea motion., It is assumed that the vody is smaell compared to velocity gradients
in the)sea and that the sea velocity potentiael, ¢, may be represented by

{Ref %):-

¢ = 8¢ exp (-wzo) cos w (xo—ct) (39)

vwhere a is the weve amplitude, ¢ is the wave celerity, and w is the wave fre-
quency. Typical values of a, ¢ and w are tabulated by Lofft and Price (Ref T).

36. The model allows the addition of cruciform tail fins and/or a shroud
ring tail. These tail surfaces ire essumed to have a linear relationship between
force and incidence at small engles of incidence.

37. The underpressure effect which occurs during the initial period of oblique
water entry is 1epresented in the simulation by a local pressure reduction in
the cavity on the underside of the nose of the body.

38. It was experimentally observed that the tail, when in contact with the
cavity well, experiences an upward force which is thought to be due to the
gravity effect described by Knapp, Daily and Hammitt (Ref 3, p.251). This
effect is represented in the simulation by an additional upward velocity field
superimposzed on the rear of the cavity at low Foude numbers.

39. Wnen the body is fulily surrounded by a single fiuid, before impact or
after deep cavity collapse, then the external forces on the body are represented
by force derivatives in the usual way (eg Ref 8, p.196).

4o, The simulation has a provision for the shape of the body to change after
8 prescribed amount of Kinetic energy has been dissipated during water entry.
This facility may be used to represernt a frangible nose cap.

4b1. The simulstion, as listed, will not be valid for body angles of incidence
greater than about 135° as any axial cavity from the tail will not be modelled
correctly.

k2,  The mathematical model described on the previous pages may be applied to
an exisymmetric parachute. The simulation listed in the appendix allows a
paruchute to be attached to the body via elastic rigging lines.

43,  The additional zorces applied by the rigging lines to both the parachute
and the body are obtained by deriving the strain and strain rate of each line

UNCLASSIFIED/UNLIMITED
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from the known position and velocity of the body relative to the parachute.
The equations of motion of the body and of the parachute are tlren evaluated
independently.

LY,  In the previous paragraphs the principles of the water entry simulation
were described. The reader who wishes to explore the detailed implementation
of these principles may do 5o by studying the appendix,

THE EXPERIMENTAL MEASUREMENTS

ks, The difficulties associated with scaling water entry behaviour are dis-
cussed by Knapp, Daily and Hammitt (Ref 3, p.5L48). In view of the many
uncertainties associated with extrapolating smell scale model measurements

up to full scale the experimental measurements required to improve and vali-
date the mathematical model were carried out at full scale.

4. An instrumentacion system, designed tc record the motion of the body

and described by Comen (Ref 9), was fully econtained within the dummy torpedo
and comprised, three rate gyroscopes to measure the anguler velocity vector,
three accelerometers to measure the linear acceleration vector, and a solid
state digital recorder. The trajectory of the body was obtained by integreting
the recorded anguler velocity and lincar acceleration as described by Coman
(Ref 10), The sensor signals were also recorded for a ten second period

before release and this data was filtered to provide the attitude of the body
at release for the initial conditions of the attitude integration. The

initial conditions for the veloeity integration were measured opticaily.

by, In order to isolate the influence of the parachute ané determine the
characteristics of the body alone the first set of measurewents were carried
out by projecting the dummy torpedo alone,without any parachute, into the sea.
A second series of messurements were tnen made with parachutes, the torpedo
and parachute being released from a helicopter. It was interesting to note
+hat by commencing with the buoyant dummy torpedo, assumed stationery, on the
sea surface at the end of a drop and then integrating the measured motion back-
wards through water entry and through the flight in air it was possible tc
determine the veloecity of the delivery aircraft and that this value agreed
within 1 m/sec with the optically measured aircraft velocity.

MODEL VALIDATION

L. Seme typical results of the experiments]l measurements along with the
predictions of the simulation are shown in figures 6, 7 and &. The body's
vitch angle, 6, in degrees and axial component of velocity, u, in metres per
cecond ore both plotted against time in these figures,

Lo, Figure 6 shows the water entry behaviour of the bare torpedo projected
into & calm ses at approximately 30 m/sec, at a trajectory angle of 20° below
the horizontal, and with zero incidence to this trajectory. Water impact
oceurs at approximately 0.3 seconds and during the initial phases of water
entry a nose down rate of turn is imparted to the body by the reduced pressure
region under the nose. At approximately 0.6 seconds the tail nits the top of
the cevity, in tuls region the simulation diverges a little from the measure-
ments however this particulur tail slapping behaviour was found to be not
experimentally repeatable in detail.

50. Tn the drops descrived ir figures T and € the torpedo was fitted with a
parachute. In figure 7 a conical ribbon parachute of approximately 2 metres
flying diameter fitted with 7.0 metres long rigging lines was employed, the

UNCLASSIFIED/UNLIMITED
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UNCLASSIFIED/UNLIMITED 13,

torpedo was released at & aeight of 225 metres above sea level, water impact

occurred approximately 9.5 seconds after release, and the pitch angle at impact

is almost vertical. In figure 8 a ringshot parachute of 2 metres flying dia-

meter fitted with 3.5 metres long rigging lines was used, the torpedo was

released at a height of A0 metres, water impact occurred approximately 4 seconds
. after release and the pitch angle at impact is about 55 degrees,

51. In figures 7 and 8 and, indeed, in all of the parachute drops which were
nade it was found that the simulation predicted higher frequencies of oscilla-
tion of the body in air then were observed., It was not possible to offer a
satisfactory explanation for this inaccuracy of the simulation.

52. A1l of the measurements which were carried out in support of the mathe-
matical model described in this note were at impact velocities of between 20
and 40 m/sec, however a limited amount of work was carried out to compare the
simulaetion witn the 150 m/sec entry velocity full gecale measurements described
bty Waugh and Stubstad (Ref 1, chap 5). At this higher impact velocity it is

to be expected that the influence of the underpressure effect will be reduced.
Head shapes 'a', 'g', 'l' and 'n' were simulated and good agreement with the
water entry whip (Ref 1, fig 5.9) and with the zero cavitation number drag
coefficient (Ref 1, fig 5.11) were obtained indicating that this simulation mey
be applicable to & wide range of impact velocities.,
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APPENDIX 15.

FORTRAN LISTING OF WATER ENTRY SIMULATION

S.I.

UNITS ARE USEL

LENGTH IN METRES
TIME IN SECONDS

FORCE IN NEWTONS
MASS IN KILOGRAMS
ANGLE IN RADIANS

THE FRINCIFAL VARIAELES IN THIS FROGRAMME ARE S~
NAME OF VARIAELE

ROLY
VEROLi(1)
Veond2)
VRODI(3)
VROLI(4)
VERODC(S)
VROD(&6)
VROLI(?7)
VERODI(B)
VEOL(9)
VEOD(10)
VROLi(11)
VEODC12)
VEOD(13)

XEROD
YROL
y4:]u}

ADMEROD
EBOMEOD

FWROD(1)
PWEROLIC2)
FWEOD(3)
FWEROLI(4)
FWEOLD(S)
FWEROL (&)
FWRODC(7)
FWERON(8)
FWROL(?)

FURBODC(1i0)
FWRODI(11)
FWROD(12)
FWROD(13)
FWEROLI(14)
FWROLNC1S)
FWEODI(16)

FAEROD

FARACHUTE

VFAR (1)
VFAR(2)
VFPAR(3)
VFAR(4)
VFAR(S)
UFAR(6)
VFAR(Z)
VFAR(8)
VFAR ()
VFAR(10)
VFAR(11)
VFARC(12)
VFAR(13)

XFAR
YFAR
ZFAR

ALMFAR
RIMFAR

FWFAR (L)
FWFAR(2)
FWFAR(3)
FUWFAR(4)
FUFAR(S)
FWFAR(6)
FWFAR(7)
FWFAR(8)
FWFAR ()

FPWFAR(10)
FWFAR(11)
FWFAR(12)
FWFAR(13)
FWFAR(14)
FWFAR(15)
FWFAR(16)

FAFAR

FAFER
FWFER

DESCRIFTION

U

V ) COMFONENTS OF LINEAR VELOCITY
W)

F )

Q ) COMFONENTS OF ANGULAR VELOCITY
R D

E0 )

€1 ) QUATERNION ATTITULNE REFRESENTATION
E2 )

£3 )

X))

Y ) FOSITION OF C.G. IN SFACE

Z)

)
) TRANSFORMATION MATRIX
)

( THE FIRST 6 COLUMNS IS THE MASS MATRIX
( THE 7TH COLUMN IS THE EXTERNAL FORCES
OLD VALUES OF ADIMEOD AND ADMFAR

xX/uz2 )

Y/V )

Y/R )

M/ ) IN WATER FORCE DERIVATIVES
M/Q )

X/unoT)

Y/YnoT) KAKKKNOTE XXX KX

Y/RDOT) PRkkX(4)=M/W EXCLULES PERFECT
N/RDOT) FLUID MOMENT WHICH IS CALCULATED
Y/V2 ) IN SUERROUTINE ENERT

Y/ZRV ) I+E.P(4)=M/7W(TOTAL)+X/ULIOT-Y/VLOT
M/W2 )
M/7QW ) .

MASS OF DISFPLACED FLUID

(DISFLACEL MASS)X(X CO-ORI OF C.E.)
K/F ROLL DAMFING

IN AIR EQUIVALENT TO FUWEROLDsFWFAR

FULLY DEFLOYED VALUES OF FAFAR
FULLY DEFLOYED VALUES OF FWFAR

AR e i e L - LN

B D R R TR AT T

Cwc Vaani@®



C REOD RFAR RELATIVE MOTION FIELD

c
C XAXKOD XAXFAR X CO-ORD )

C RADROD RADFAR RANIUS )

C DAXEOD LAXFAR oix ) EXTEXMAL SHAFE

C SINROD SINFAR SIN(SLOFE) ) .
o COSEOD COSFAR COS{SLOFE) )

c HTTEOD HTFAR EQUIVALENT HEIGHT OF ADDEL MASS

» ISWIRQ » DEFINES TYFE OF SEGMENT

[ ISW2KD ) '
£ '

C ISHI COUNTS EKROREN SHROUD LINES

c

DIMENSION ADMEOLI(S)7) s RIMEODI(616) s VEOLIC(13) y FARONC16) s FWEOLIC(16) »
1REODC(&) s RO (&) o XEOD(3) s YROLIC3) » ZROLNC(3) yWATERC(S) »
2XAXROD(S0) y RADEDD(S0) » TAXKOLN(S0) s SINKGDI(S0) » COSROLN(S0) »
3ISWIRO(S0) s ISWRED(S0) s HTTRON(SO0)

DIMENSION ADMFAR(&r7) s RIMFPAR(G16) s VFAR(13) s FAFARC(L16) s FWFARCLS) o
1RFAR(S) s [IFAR(6) s XFAR( 3 s YFAR(3) » ZFAR(3) » FAFER (16) y FWFER(16) »
2XAXFARC10) »RAIFAR(10) sy IAXFAR(10) ySINFAR(10) »COSFAR(10) »

IISHO(30)

COMMON/ELOCK1/ TrSEAA»SEAW: SEACCOMXsCOMY s WIEF » SURMY » SURMZ »
1SUTEM1sATSYSZ »SURECG s NURECG» RET1Ls RET20s C30R » XAXOR » CAVA s CAVE
25QVYVZyATVZVY »EETIC» BET2C» ROFU s BOFV s ROF Wy FCAV » XAX» RAD y IAX s SINA 5
3C0SA» ISWL,ISW2, ITESs ICROS INEF, IDRY » KODU» ROLU y RODW s PROT

c SY{WEIR.DAT CONTAINS INITIAL CODITIONS

CALL ASSIGN(1s/SYIWEIB.DAT +0s /0L’y "NC 1)

C SY:WEFE.DAT CONTAINS THE DESCRIFTION OF THE RODY -

CALL ASSIGN(2s’/SYIWEFE.DAT 05 ‘OLL s ‘NC’ 1)

c SYiOUT.DAT WILL CONTAIN THE QUTFUT

CALL ASSIGN(3,’SY!0UT.LAT 905 'NEW’ s 'NC*y21) )

™ LENGTH IN TIME OF SIMULATION

REAL(120) TMAX

[ TIME OF RELEASE OF FARACHUTE (TREL:>THMAX=NU FARACHUTE)

READ(1+20)TREL

” TIME OF COMMENCEMENT OF INITIAL DEFLOYMENT OF FARACHUTE
REANI(1y20) TREL1

© TIME OF CUOMMENCEMENT OF LEREEFING OF FARACHUTE
REALI(1s20 ) TRELR

5 TORAUE AFFLIED TO STORE EY RELEASE LANYARI
REAL(1920) TORLAN

G TIME OF ACTION OF TORLAN
REAL{1+20) TRELAN

I INITIAL TWIST IN SHROULD LINES
READC120) TWA

W NUMEER OF QUTFUT RECORDS REQUIRED
REANCL 9 20)FOINUM
0010I=1,13

I BODY INITIAL CONDITIONS

10 READC1,20)VEODCT)

C WIND VELOCITY COMFONENTS IN SFACE
READC1y20)WINTX "
REALNC( 1y 20)WINDY

C SEA WAVE AMPLITUDE(METRES)
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75
58
G
C
C
™
c
c
C
c
c
C

&40

REAL(1+20)SERA

SEA WAVE FREQUENCY(1/METRES)
REALI(1,20)SEAUW

SEA WAVE CELERITY(M./SEC)
READC1,20)SEAC

UNIT VECTOR IN DIRECTION OF SEAC
REALC1920)COMX
REALNC1»20)COMY
FORMAT(F13.5)
FORMAT(2F13.5)
[10306I=1+16

EQLY FORCE LERIVATIVES
REALNC2+21)FARODCI) y FWROLICID

(TAIL IN CAVITY LIFT COEFFICIENT)X0.5
REALCZy20) CLEOD

(BODY IN CAVITY DIRAG COEFFICIENT)%C.S
REALNC2,20)CLERON

MASS OF RODY
REAN{2y20)FMEOD

Y CO-0QRDO OF EOQLY C.G.
REALC(2+20)PYROD

Z CO-0ORD OF EODY C.G.
READNC2,20)FZR0ON

EODY AXIAL MOMENT OF INERTIA
REALC(2y20)FIXEOL

EOD'Y TRANSVERSE MOMENT OF INERTIA
REALI(2,20)FIYEOD

MAXIMUM ROLY RALIUS
REALN(2y20)RODRAD

X CO-ORD OF FOINT OF ATTACHMENT OF FARACHUTE

READCZ2y20)RONTL
MEASURE OF ENERGY TO DESTROY NUSE CAF
REAL(Zy20)FIMF
TRAV=0,0
IPIMF=1
T=0.0
FOILT=TMAX/FOINUM
IFIRST=1
ISECON=1
LO751I=1+6
no7sd=1+6
EBIOMFARC(I» J)=0.0
EOMBOLI(I ¢ J)=0Q.0
NEOL=0

EODY GEOMETRY TEM2=X CO-O0RIi» TEMA=RADIUS,

TEMB=ALDLED MASS HEIGHT
I1=0 AND Ji=1 ORDINARY RUOYANT SECTION

I1=1 AND' J1=1 FLOODED SECTION EG FARACHUTE CONTAINER

I1=1 AND J1=0 CRUCIFORM TAIL
I1=0 ANI J1i=0 SHROUDL RING TAIL

SET TEMA4=-1,0 AT END OF COMFLETE RODY DATA ELOCK
TWO DATA RLOCRS ARE REQUIRED FIRST WITH NOSE CAF
SECOND WITHOUT NOSE CAF

IF FPIMP+=0,0 THE FIRST RLOCK IS IRRELEVANT

REALNC(2y62) TEM2y TEM4A» TEMBs 111
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60090
C

SHOLH

FORMAT(3F13.5,212)

IF(TEMA.,LT.~-0.1)G0TO200
IFCI1WNE.T.OR.J1NEJIGOTOS7
TEMS=TEM1-TEM2
TEM6=TEM4-TEM3
TEM7=SQRT(TEMSXTEMS+TEMSXTEMS)
IF((TEMS/TEM7) +GT.0.002)G0T06S
TEME=0,002%ARS(TEMS)
TEM7=8QRT(TEMEXTEMS+TEMSXTENMS)
NEQD=NROD+1
XAXROD(NROL) =(TEMI+TEMZ) /2.0
RADROD(NEROLD =/ TEM3+TEM4) /2.0
HTTROD(NEOL)=(TEMB+TEM9) /2.0
DAXBOD{NROL) =TEMS
SINEROD(NEOL) =TEMO/TEM?
COSROL(NEOD)=TEMS/TEM7
ISWIEQ(NROD)=I1
ISWREO(NEROID =41
I=I1
J=Jd1
TEM1=TEM2
TeM3=TEMA4
TEM9=TEMS8
GOT0&0
ISECON=0
FARACHUTE INITIAL CONDITIONS
UFPAR(1) =VEOL(1)
VFAR(2)=VROL{2)+RODTLXVEGII (&)
VFAR(3)=VROL(3)~RONTLXVEBOLS)
D0&050I=4+10
VFARCI)=VRONI(I)
VRFARCL1L)=VRODC(LL1;+ROODTLEXROGO(L)
VFARCIZI=VRGLCLE)) +RODTLAXEOD(Z)
VFARC(13)=VRODN(13Z)+RODTLXXEOO(3)
SYIWEFF.UDAT CONTAINS THE DESCRIFTION OF THE FARACHUTE
CALL ASSIGN(4» 'SYIWEFF OAT »0s 70LLI s "NC’ 9 1)
NUMRER OF SHROUD LINES
REAL (49 50 )NSHI
FORMATC(IZ)
TORSIONAL STIFFNESES OF SHROULD LINE SYSTEM
REATI(4y20) TWIST
LENGTH OF EACH SHROUD LINE
REAL(4,20)TLFL
TEAR STRIF YIELD L.OGAD
READC4,20)TLFT
TEAKR STRIF EXFPIRED LENGTH + TLFL
rEAD(4s20) TLFTL
TEAR STRIF EREAKING LOALD
READC(4y20) TLFF
TLFAs TLFR TLEC, TLFF DESCRIRE SHROUD LINE STRESS/STRAIN
CHARACTERISTIC SEE 7000
REALIC4»20)TLFA
REALIC4,20)TLFR
READ(4,20)TLFC
READIC4» 20 TLFF
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